Fish by-catch of shrimp fishery from the Gulf of Tehuantepec is composed of several species that are mainly discarded. In this study, fish by-catch species composition, distribution and biogeographical affinities were analyzed. For this, a total of 15 cruises were carried out on the continental shelf, at depths from 15 to 64 m, during 2003, 2004, 2005 and 2013. Results showed that fish by-catch was represented by 58 families, 129 genera and 242 species. The families Haemulidae, Sciaenidae, Paralichthyidae, Gerreidae and Carangidae accounted for > 70 % of the catch. Haemulopsis axillaris, Syacium ovale, Selene peruviana, Diapterus peruvianus, Larimus acclivins and Stellifer erycimba were the most frequent species at < 40 m depth (inner shelf), and Prionotus stephanophrys, Scorpaena russula, Porichthys analis and Synodus scituliceps were dominant at 40-60 m depth (outer shelf). Analysis of biogeographical affinities showed that 36.1 % of species had a wide distribution, from San Diego Province to the Panamic Province, while 13.2 % had a restricted distribution in the Mexican and Panamic Provinces. The ichthyofaunal composition was markedly influenced by the local environment and seasonal conditions. Rev. Biol. Trop. 64 (2): 683-700. Epub 2016 June 01.
The Gulf of Tehuantepec is influenced by an array of environmental factors like the current pattern, seasonal wind regimes, seasonal upwellings, rivers runoff and extensive coastal lagoon systems, that makes this region a very productive one in terms of fisheries (TapiaGarcía, 1998) .
A valuable trawl shrimp fishery is conducted in this area mainly based on four species: Litopenaeus vannamei (White shrimp), Farfantepenaeus californiensis (Yellowleg shrimp), Litopenaeus stylirostris (Blue shrimp) and Farfantepenaeus brevirostris (Crystal shrimp) (Cervantes-Hernández, Gallardo-Berumen, Ramos-Cruz, Gómez-Ponce & Gracia, 2008) . Gulf of Tehuantepec shrimp catch contributes nearly 5 % (1 880 m) to the total annual catch of the Mexican Pacific (37 600 m). Brown and white shrimp are the most important species as they represent 90 % of the total shrimp catch in the area.
Shrimp is the target species in trawling operations, but is associated with a highly diverse fish fauna, which is usually discarded. Both, the large catches discarded and the high ichthyofaunal diversity have caused concern and prompted attempts to improve its use and management (Allsop, 1985; Andrew & Pepperell, 1992; Hendrickson & Griffin, 1993; Griffiths, Larson, & Courtney, 2004; Sarmiento-Náfate, Gil-López, & Arroyo, 2007; Stobutzki, Miller, Jones, & Salini, 2001) .
Studies on the Gulf of Tehuantepec demersal community caught in trawl nets include that of Acal & Arias (1990) , who pointed out the high diversity in fish communities in the region. Bianchi (1991) studied the demersal faunal assemblages (fish, crustaceans and cephalopods) of the shelf and upper slope in a wide area of the Gulf of Tehuantepec. Tapia-García, García-Abad, González-Medina, Macuitl-Montes, and Cerdenares-Ladrón de Guevara (1994) recorded composition and abundance of fish reporting 178 species, with the greatest diversity located in front of the lagoon-estuarine systems of Oaxaca and Chiapas coasts. The dominant species were: Syacium latifrons, S. ovale, Eucinostomus gracilis, Bothus constellatus, Orthopristis chalceus and Pomadasys nitidus. Siqueiros-Beltrones and De la Cruz-Agüero (2004) stood out the importance of taxonomic lists and the analysis of biogeographical distribution as essential tools for fishery management. According to this, several studies have recently assumed increased interest in the Southeastern Mexican Pacific Ocean (Aguilar-Palomino, Mariscal, Gonzalez, & Rodríguez, 1996; Madrid-vera, Ruiz, & Rosado, 1998; Moncayo-Estrada, CastroAguirre, & De la Cruz-Agüero, 2006) . In spite of the ecological and fisheries importance of the Gulf of Tehuantepec, there are only a few by-catch studies on the demersal species from shrimp trawl fishery in this region (Tapia-García, 1998; Tapia-García & García-Abad, 1998 ).
Up to now, studies are scarce, spatially and temporally scattered with little comprehensive integration and mainly focused on the fishery perspective. This study presents an updated systematic list of by-catch fishes from shrimp fishery, its abundance and analyzes of their biogeographical relationships.
MATERIALS AND METHODS
By-catch sampling was carried out during the shrimp closed seasons (April-August) in the Southern Pacific region of Mexico. A total of 15 exploratory cruises were developed during 2003 (five), 2004 (two), 2005 (four) and then resumed in 2013 (four) in a wide section of the continental shelf of the Gulf of Tehuantepec between Punta Chipehua (Oaxaca) and Puerto Madero (Chiapas) (14°43'-16°01' N -92°53'-95°22' W). A sampling design of 62 stations was established for all cruises based on previous studies done in the area (Reyna Cabrera & Ramos-Cruz, 1998) . Total number of locations sometimes varied due to weather conditions; however, this number was never above 25 % (Fig. 1 ).
Samples were obtained day and night with twin shrimp nets (24.4 mm horizontal mouth opening, 40.0 mm stretched mesh body, 38.1 mm stretched mesh cod-end) towed at each side of the vessel. The net had a turtle excluder device (TED) fitted in front of the codend. Each trawl had one-hour duration at an average speed of 1.5-2.5 knots; 344 hauls were done in a 15-64 m depth range; 206 hauls (60 %) were made during the day and 138 (40 %) at night; 234 hauls (68 %) were made below 40 m depth and 110 trawls (32 %) were carried above 40 m depth.
The catch from each trawl was cast on deck, and total weigth per trawl was estimated filling crates or boxes of 40 kg. A sample of 20 kg was taken; previous analysis sowed that this was enough to reflect adequately the species composition. Each sample was kept in the freezer at -30 o C. The biological material was identified and processed in the laboratories of the Regional Centre of Fisheries Research, Salina Cruz (CRIP-SC). The standard length of each fish was measured with a standard icthyometer of 50 cm length and a precision of 0.05 cm. Large individual fish were weighted with a scale (25 g of precision) and small fishes were weighted with an OHAUS digital scale of 2.6 kg of capacity and a precision of 0.05 g. In the laboratory, fish were separated, washed, relabelled and stored in 70 % isopropyl alcohol.
Fish identification followed the keys of Castro-Aguirre (1978) Eschmeyer (1998) , Bussing and López (1993), Fischer, Krupp, Schneider, Sommer, Carpenter and Niem (1995) , Robertson and Allen (2002) , and AmezcuaLinares (1996) . Specialized literature for some specific groups was also consulted: rays, Castro-Aguirre and Espinosa-Pérez (1996); sharks, Espinosa-Pérez, Castro-Aguirre and HuidobroCampos (2004); Sciaenidae, McPhail (1958) ; Pleuronectiformes, Norman (1934), and Ginsburg (1958) ; Diplectrum, Rosemblatt and Johnson (1974) ; and Porichthys, Walter and Rosemblatt (1988) .
Systematic ordination followed the criteria of Nelson (2006) . Genera and their species are presented in alphabetical order. Common names were taken from Robertson and Allen (2002) ; Nelson et al. (2004); and Love, Mecklenburg, Mecklenburg and Thorsteinson (2005) .
The relative abundance of each species was estimated from the number of individuals within the total of individuals sampled. The species were grouped in four categories: (A) Abundant, relative abundance > 1 %; (F) Frequent, 0.1-0.99 %; (C) Common, 0.01-0.099 %; and (R) Rare, < 0.01 %. Differences in biomass values between day and night as well as the depth intervals were calculated through variance analysis (ANOvA) and t-test (Zar, 1999) .
Analysis of zoogeographic affinities followed the basic scheme of Briggs (1974 Briggs ( , 1995 and Walker (1960) , with modifications proposed by Boschi (2000) , Galván-Magaña, Gutiérrez-Sánchez, Abitia-Cárdenas and Rodríguez-Romero (2000), Hastings (2000) , Robertson & Allen (2002) , Robertson, Grove and McCoster (2004) , and Horn, Allen and Lea (2006) , considering the following provinces: A) Oregonian: from Puget Sound to Punta Concepción in California. The Southern section is considered a transition zone between this province and that of San Diego. B) San Diego: from Punta Concepción to Bahía Magdalena in the South of Baja California, with temperate-warm waters. C) Cortés: Southern Bahía Magdalena and the Gulf of California. D) Mexican: from Mazatlán, Sinaloa to Tehuantepec (Mexico). E) Panamic: from the South of Salvador to Cabo Blanco (Peru). F) Tropical Eastern Pacific: includes the West coast of the American continent between 25° N in the Southern part of Bahía Magdalena and 5 °S at Cabo Blanco, Northern Peru. Differences in species biogeographic affinities between the years 2003 and 2013 were calculated by analysis of variance (ANOvA) (Zar, 1999) .
The analysis also considered species with wide biogeographic distribution, such as the Circumtropical, Trans-Pacific and amphiAmerican species of the Central American Isthmus, the Tropical Eastern Pacific and the Western Atlantic.
Classification of the abundant, frequent, common and rare species used the OlmsteadTukey method modified by Sokal and Rohlf (1995) . The data matrices were expressed as frequency of occurrence within each sampling period. Then the frequency of occurrence per cruise was calculated (mean + standard deviation). Richness was considered as the number of fish species in the study area.
RESULTS
The total number of samplings from all cruises was 344, with a total weight of 2 818 kg. The 66 908 individual fishes represented two Classes, 20 Orders, 58 families, 129 genera and 242 species (Table 1) . Previous studies in the area showed a lower number of demersal fish species with respect to this study ( Table 2 ). The Order Perciformes was the most diverse, with 20 families, 55 genera and 110 species, which is typical of the ichthyofaunal groups in the intertropical regions. The families best represented in terms of number of species were: Sciaenidae (29), Haemulidae (16) Individual fish size and weight showed a similar general pattern along the four years. Most of the fishes (40 %) presented a standard length range of 75 to 107 mm with a mean of 103 ± 31.8. Individual weight including 70 % of the fishes varied between 1.25 to 32.5 g with a mean of 32.5 ± 32.7. Large fishes (> 50 cm SL and 2 000 g) were also found in shrimp by-catch, although their abundance may be underestimated due to reduced catchability related to trawl speed and net selectivity. Most of these fishes were elasmobranch of commercial interest like Narcine vermiculatus, Gymnura marmorata and Rhinobathos glaucostigma, and teleosts like Epinephelus multiguttatus, Hyporthodus exsul, H. acanthisthius, Ophioscion typicus, Carangoides otrynter, Lutjanus guttatus, L. peru, Paralichthys woolmani, Cyclopsetta querna, Trichiurus lepturus, Centropomus robalito, Micropogonias altipinnis and Cynoscion phoxocephalus, which represented 25 % of the biomass. Fish catches during day and night showed significant differences (t-test = 1.93, P < 0.05). Also catches recorded below 40 m depth presented a significant difference (t-test = -5.67, P < 0.05) with those obtained deeper than 40 m.
The community was composed mainly by species with subtropical and tropical affinities (Table 1) . Subtropical and tropical fish represented 34.4 % of the catch with a wide geographical distribution from the Cortés to the Panamic Province; 27.0 % were eurythermic species from the San Diego to the Panamic Province, 13.3 % were restricted to the Mexican and Panamic Provinces, and 9.3 % were species with a distribution in the Eastern Tropical Pacific (Fig. 2) . The fish community In terms of abundance, the most important families were Haemulidae, Sciaenidae, Carangidae, Ariidae and Serranidae, which also contributed with the greatest number of species and abundance. These species are central to the understanding of the structure and function of the community of demersal fishes of the area. Its euryhaline capacity explains its abundance in front of the lagoons of the Huave, Mar Muerto, La Joya-Buenavista, Carretas-Pereyra and Chantuto-Panzacola systems.
Of the 242 species recorded, 70 (30 %) made incursions into the coastal lagoons for various purposes such as spawning and feeding. Notable for their abundance were those in the Huave (Oaxaca) and Chantuto Panzacola (Chiapas) systems: Lile stolifera, L. gracilis, Diapterus peruvianus, Micropogonias altipinnis, Achirus zebrinus, A. scutum, Anchoa nasus, A. mundeola, Centropomus robalito, Cathorops fuerthii, Eucinostomus currani and Cyclopsetta panamensis. Three species (1.3 %) were typically freshwater species: Poecilia butleri, Poecilopsis fasciata and Gobiomorus maculatus. They were caught near the outlet of the Mar Muerto lagoon at 16-18 m depth, possibly due to the influence of a plume of brackish water intruding the continental shelf.
The total number of species registered in 2003 (131) was higher than the one found in 2013 (116), whereas species biogeographical affinities did not present a significant difference (F 12,9 
DISCUSSION
The species richness of demersal fishes recorded as by-catch from the shrimp fishery in the Gulf of Tehuantepec, with 242 species, is typical of the Eastern Pacific (Robertson & Cramer, 2009) . Only 34 species (15 %) were frequent or abundant while the others were common and rare. Some of the rare species are epipelagic species (Opisthonema libertate, Scomberomorus sierra, Decapterus macarellus and Cypselurus callopterus), which probably may have been caught while the net was being recovered.
Fish by-catch individual size and weight were consistently small, with 92 % under 50 g weight and 20 cm SL, respectively. A similar composition has been previously reported for the Gulf of California (Pérez Mellado & Findley, 1985) . These authors pointed out that about 1 % were fishes weighting more than 100 g whereas in this study the percentage was remarkably higher (3.4 %). These fishes, usually higher than 350 g, were frequent in by-catch and are mainly used for human consumption.
On previously compiled lists of species for the demersal fishery on the continental shelf in the Gulf of Tehuantepec, recorded 32 families, 49 genera and 61 species (Secretaria de Marina, 1978) . Acal and Arias (1990) registered 292 species, but that list contained 97 inconsistencies; 50 species were not identified but simply assigned to genus, 24 others were only assigned to family, six constituted synonyms within the list, and others were clearly out of context since they were species recorded for the Atlantic Ocean; the record has accordingly been adjusted.
Of the species in previous lists from the Gulf of Tehuantepec, 167 (74 %) were also found in the present study but 99 were not. Compiling these studies we obtained a total of 331 species, which supports the fact that recorded fish species in the Mexican South Pacific are higher than those for the Western shelf of Baja California Sur, the Gulf of California, the Jalisco and Colima shelf, and the shelves of Nayarit, Michoacán and Guerrero. This number may be greater if species that belong to the rocky, pelagic and slope zones, and to the lagoons and estuaries, are considered.
From a biogeographical point of view, the assignment of this ichthyofauna to the classical faunistic provinces (Cortés, Panamic and Mexican) presents difficulties, particularly because it is constituted by species with tropical affinities that overlap with others with subtropical or temperate affinities. In addition, it must be considered that the conjuction of provinces (Cortés-Panamic) corresponds to 12 zoogeographic divisions. This marks a distinct change in association, frequency and diversity of species from South to North, reflecting the great variety of habitats.
In The high diversity recorded in the Gulf of Tehuantepec, while demonstrating the importance and uniqueness of the area, reflects the concurrence of a series of environmental factors that interact, characterizing the region as a dynamic frontier or transition ecosystem with a broad thermic regime and a variety of habitats (Díaz-Ruiz, Cano-Quiroga, AguirreLeón, & Ortega-Bernal, 2004; Tapia-García, García-Abad, Carranza-Edwards & vázquez-Gutiérrez, 2007; velázquez-velázquez, vegaCendejas & Navarro-Alberto, 2008) . This uniqueness is supported not only by its geographic position with tropical and temperate characteristics, but also by: 1) the contribution of river runoff, 2) the presence of extensive coastal lagoon systems with high productivity, 3) the prevailing winds and seasonal rainfall from land to the sea, and 4) a wide continental shelf influenced by a complex oceanic current system (the sub-surface equatorial, the North-equatorial countercurrent, the California current, and the South-equatorial or coastal current of Costa Rica that flows northwards and favors the presence of important upwellings) (Galván-Magaña et al., 2000; López-Martínez, Herrera-valdivia, Rodríguez-Romero, & Hernández-vázquez, 2010; Mora & Robertson, 2005; Rodríguez-Romero et al. 1998; Rodríguez-Romero, Palacios-Salgado, López-Martínez, Hernández-vázquez, & Ponce-Díaz, 2008; Zapata & Robertson, 2007) .
In addition, the species of the Tropical Eastern Pacific receive strong immigration on its coasts, particularly during events such as ENSO (El Niño -Southern Oscillation), which reach the East Pacific coasts when it is of great magnitude and intensity (Lea & Rosenblatt, 2000) . Their periodicity and magnitude contribute significantly to dispersion, since most fishes have life cycles with pelagic larval stages (Auster, 1988; Caddy & Sharp, 1986; Galzin & Legendre, 1987; Grossman, Freeman, Moyle, & Whitaker, 1985) , which affect the distribution patterns since long time. It is considered that changes in abundance and composition of the fish community frequently occur as a result of migratory movements between neighbouring geographic areas driven by climatic and oceanographic processes of medium or longterm duration (Safran, 1990) , as well as other factors such as changes in the rates of hatching and mortality, owing to abiotic environmental factors (temperature, oxygen) or biotic factors (predation, competition, food availability).
The results show the uniqueness and importance of the region in relation to the fish species richness of great value for industrial and artisanal fisheries. In this context, it would be important to include, in the actual local policies, rules that could regulate the technical aspects of the fishing methods used in the Gulf of Tehuantepec in order to preserve this ecosystem richness. Consequently, scientific research appropriate to the particular needs of this area of the Tropical Eastern Pacific should increase, so long as the information is scarce and temporarily discontinuous.
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RESUMEN
En la pesquería del camarón del Golfo de Tehuantepec un gran número de especies de peces se capturan como fauna de acompañamiento y son descartadas. La composición, distribución y afinidades biogeográficas de la ictiofauna acompañante del camarón fue analizada mediante 15 cruceros desarrollados en la plataforma continental entre 15-64 m de profundidad durante 2003, 2004, 2005 y 2013 . La ictiofauna descartada estuvo representada por 58 familias, 129 géneros y 242 especies. Las familias, Haemulidae, Sciaenidae, Paralichthyidae, Gerreidae y Carangidae aportaron más del 70 % de la captura. Haemulopsis axillaris, Syacium ovale, Selene peruviana, Diapterus peruvianus, Larimus acclivins y Stellifer erycimba fueron las especies más frecuentes en profundidades menores de 40 m (plataforma interna), mientras que Prionotus stephanophrys, Scorpaena russula, Porichthys analis y Synodus scituliceps, fueron dominantes entre 40-60 m de profundidad (plataforma externa). El análisis de las afinidades biogeográficas mostró que el 36.1 % de las especies son de amplia distribución desde la provincia de San Diego a la Panámica, mientras que el 13.2 %, presentó una distribución restringida entre la provincia Mexicana y la Panámica. La composición de la ictiofauna estuvo marcadamente influenciada por las condiciones ambientales locales y sus variaciones estacionales.
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